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We study the K-Inflation models where the inflaton field has non-canonical kinetic term. In 
particular, we consider the Dirac-Born-Infeld (DBI) form for the kinetic energy of the inflaton field. 
We consider quadratic and quartic potentials as well as the potential for the natural inflation. We 
use a modifled version of the MODECODE ^2l| to calculate the power spectrum of the primordial 
perturbations generated by the inflaton field and subsequently use the WMAP7 results to constrain 
f^ ' the models. Interestingly with DBI type kinetic term, lesser gravity waves are produced as one 

O^ , approaches more towards scale invariance. This is true for all the potentials considered. Unlike the 

canonical case, this feature, in particular, helps the quartic {\4>'^) potential with DBI type kinetic 
term to be consistent with WMAP data. 
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I \. 1. INTRODUCTION 

o, 

\^ . In the last two decades, there have been number of breakthroughs in our understanding of the Universe due to 

(-H ' some remarkable observational results. COBE first detected the anisotropy in the cosmic microwave background 
O . radiation (CMBR) in 1992 [l|; subsequently WMAP 2r(^ measured these anistropies with extraordinary accuracy 
' ' that revolutionized our understanding of the physical Universe (also see the recent results by Atacama Cosmology 
H ! Telescope (ACT)[3, Q)- This has been equally supplemented by the discovery of dark energy by different groups 
+T* ' while studying the light curves of different Type-la supernovae at different redshifts |9| as well as the measurement 
j^ ' of large scale structure by various galaxy- redshift surveys [l3| • All these observational results strongly support the 
idea that the early universe had a short period of accelerated expansion. This epoch of accelerated expansion in 
the early universe, which is also termed as "inflation", |ll| - [l3| not only solves the horizon, flatness and monopole 
problems in the standard cosmology, it is also the simplest and most favored paradigm for the generation of the nearly 
scalar invariant super-horizon fiuctations in the early universe |14| - [l7| . which is believed to be the origin of CMBR 
7—{ , anisotropy and the large scale structures in our present day Universe. 

^\ • Simplest model of infiation is usually described by a scalar field (termed as infiaton) rolling over its potential ( also 

\l \ see |la | for a different approach for obtaining infiation without scalar fields). The field is minimally coupled to the 
f — ■ gravity sector. For a sufficiently fiat potential, the potential energy of the field dominates over its kinetic energy which 
<^i ' essentially gives rise to negative pressure. This drives the accelerated expansion. This scenario is usually described as 
"Slow- Roll Approximation" for infiation |19| . The primordial perturbations which are responsible for the structures 
in our universe can be traced back to the quantum fiuctuations of this inflaton fleld in the very early universe. Any 
given scalar field infiationary scenario can give rise to both the scalar and tensor fluctuations which can be tested 
against observational data from the CMBR anisotropy measured by WMAP or other experiments. 

With the quality of present data, the primordial fiuctation of the inflation fleld is essentially described by a set of 
jrt ■ two parameters: the amplitude As and the spectral index ris of the power specturm of the scalar mode of the density 
■ ■ ' perturbation. As the data from future experiments, such as Planck [20|, improve, one can add parameters related 
with primordial gravitational waves or nongaussianity to this set. 

Recently Mortonson et al. [2l| have solved the infiationary mode equations numerically without the usual slow-roll 
approximation. For t his, they proposed a new code called "MODECODE" that has been interfaced with the CAMB 
[22 | and COSMOMC pS^ to compute the CMBR anisotropy power spectra and to perform the MCMC analysis for the 
parameter estimation. They subsequently used this code to constrain the single scalar field models having canonical 
kinetic energy term. They have used the power law potentials (1^(</') = <^", with n = 2.3, 1, 2 and 4) as well as the 
natural [2J, [2^ and hilltop potentials [2^ for their study. The study shows that the current CMB data put stringent 
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constraints on the parameters of a number of well motivated and interesting single field inflationary models. As an 
example, they showed that the WMAP7 data excludes the quartic potential {V{(j)) = A^"*) model. 

There are large number of attempts to embade inflation in some high energy physics model. One of them is k- 
inflation [23| , where the inflation is achieved by the non-standard kinetic terms of the inflaton. One of the examples 
of such a non-canonical kinetic term is the Dirac-Born-Infeld (DBI) form [2^. Recently scalar field with DBI type 
kinetic term has been widely studied in cosmology for both early and late time accelerated expansion of the Universe 



26 j . One popular equation of state that arises due to such a kinetic term is so called Chaplygin gas equation of state 

30| which has many interesting cosmological signatures. 

In the present investigation, we extend the work by Mortonson et al. for scalar fields with DBI type of kinetic 
term. For this we modify the MODECODE to include the DBI type kinetic term. We study the power law potentials, 
{V{(j)) = 4>^ with n = 2 and 4) as well as the potential for natural inflation. 

2. OVERVIEW OF THE CALCULATION 

The action for the scalar field with a non-canonical kinetic term and minimally coupled to gravity is given by 



R 



S = J d^xV^(^j^^ - V{cf,)^l + r?2 5^-9^09.0) , (1) 

where rj has the dimension of [length]'^ and the field (p has the dimension of mass. 

2.1. Background evolution 

In a homogenous and isotropic background, the scalar field with non-standard kinetic term has the energy density 
and presure of form: 

- ''<*' (2) 
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p^-vm^-v'^'Y^^- (3) 

Here, dot denotes the differentiation with respect to cosmic time. The evolution of the background is governed by the 
Friedmann's equations : 

3M2(1_,, 2^2)1/2' ^' 



The evolution of the scalar field is governed by the equation: 



H= ^.^^^HLJi, . (5) 



2M2(l-r/2(/,2)i/2- 



In order to solve the equations numerically, we choose number of efolding, A^ = In a as an independent variable and 
express the background equations in terms of A^ as 

^, _ HV{ct>WP'^ 



2Afp2 (1-772,^20,2)1/2 



(1_7J2^20,2) ^ rj^Vicp) dcj) 

where prime denote the differentiation with respect to N 



3H'4>' + ^— -T — JT^ = 0, (7) 



2.2. Perturbation Equations 



The formalism for the perturbations in the K-inflation is given in [3lj . The evolution of the curvature perturbation 

Cis 



Cfe + 2 ( ^ ) a + c^fc'a = 0, 



where 



and the effective sound speed 
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Here, dot denotes derivative with respect to conformal time and k is the modulus of the wavevector k . The curvature 
perturbation can be expressed in terms of the gauge invariant Mukhanov-Sasaki variable Uk — z(^. The Fourier modes 
Uk satisfy the equation 



Uk 



2/ 2 



Uk = 0. 



(11) 



The equation for Uk in term of e-folding(iV) is 
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(12) 



Once we solve the Uk, we can easily find the power spectrum which is defined in terms of the two point correlation 
function as 
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and it is related to Uk and z via 



n(fc) = :^ 
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(13) 
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While solving the equations of background and perturbations numerically we use a modified version of MODECODE 
[2l| . to compute the CMBR power spectra, and use COSMOMC [23| to analys the likelihood and perform the 
parameter estimation. 

Tensor pertubations are described by the transverse tracless part of the perturbed metric. Since there is no 
modification in tensor perturbations due to non-canonical kinetic term of the scalar field, the Fourier modes of the 
tensor pertubations obey the usual equation: 



w/c + ( fc - - ) Wfc = 0. 



In terms parameter N , it becomes 
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Similar to the scalar power spectrum, the primordial tensor power spectrum is related to Vk via 



VKk) 



4 fc3 



(15) 
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The scalar and the tensor spectral indices are defined as 



dln^\ , /dlnPt 
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and the tensor-to-scalar ratio by 



n 
n 



(19) 



The scalar spectral index Us and the tensor-to-scalar ratio r have different values according to the different inflationay 
models, so they are considered as important obseravable parameters. Conventionally, a scale invariant power spectrum 
for scalar perturbations correspond to ns = 1 while that for tensor perturbations correspond to n^ = 0. But for a slow- 
rolling scalar field, the power spectrum is never an exact scale invariant one. The departure from the scale invariance 
which is encoded in the spectral index rig , is highly constrained by the measurements of the CMBR anisotropy. This 
puts stringent bound on the parameters of a typical scalar field model. 

3. CHOICE OF POTENTIALS 

We consider the case of chaotic inflation, first introduced by Linde |32i| as well as the natural infiation. These 
models have also been considered by Mortonson et al. l2l| in case of a scalar field with canonical kinetic energy term. 
Our motivation is to compare the results obtained by Mortonson et al. with those for similar potentials but with DEI 
type kinetic term. First, we consider the potential for chaotic infiation which has the form of 

V,cj)) = A— . (20) 

n 

Here n=2 corresponds to the qudratic form, im^(/)^ with A — m? (m being the mass of the inflaton) and n=4 
corresponds to the quartic form |A(/)^ (A being dimensionless coupling constant). Both these choices have been 
extensively studied for the canonical case. From the earlier studies, it has been found that the mass of the infiaton 
has to be lO^^GeV and A < 10~^^ in order to satisfy observational constraints. This value of A for the quartic case is 
unnaturally small and it is difficult to embade this in any reasonable models of particle physics. By considering the 
non-canonical kinectic term, we expect different bounds on A and m? from that of the standard canonical case. 

Next, we consider the model of natural infiation which was introduced by Freese et. al. f^, '25'] to explain the small 
coupling parameter A. Here inflaton is a Pseudo-Nambu-Goldstone-Boson (PNGB) having potential of the form 

V{cj>)=K^[l + cos{^^y (21) 

Natural inflation in the light of WMAP data has been studied by Savage et. al. |33| and they showed that the 
observational constraints on spectral index puts strong bound on the symmetry breaking scale / > O.TAIpi. Banks 
et. al. [3J] have also shown that such a high scale can destabilize the flatness of the potential by large quantum 
corrections. It was pointed out [35,, 36] that this scale can be reduced to the GUT scale if one considers PNGB 
coupled with the thermal bath as in warm inflationary models 37]. So, it is interesting to see the constraints on such 
type of potential with a modified kinetic term. 

In our analysis, we expressed all the dimensionful quantities in units of the reduced Planck mass. The priors for 
the all parameters are given in Table HI We have set the uniform priors for the common parameters in the models. 
The priors for the potential parameters and 77 are sampled logarithmically as they correspond to some high energy 
physics scale. We have used a much broader range for the priors compared to the correspoding canonical case (see 
Table 1 of |2l|), which is natural to do as we have an extra parameter rj for kinetic coupling, relaxing the constraints 
on the potential parameters. We consider the general reheating case where the constraints on the total number of 
e-folds Npiyot, since the pivot scale left the horizon, is set as a parameter. So we can study the bound on the value 
of Npiyot in case of non-canonical case using the recent WMAP7 data. The priors for the Npiyot has an upper limit 
given by Nirh (similar as |2l|): 

N„, = 55.75 - log [^^^] + log (^] . (22) 

\ ^ pivot / \ ^ end / 



TABLE I: Priors on model parameters 



Model 


Priors 


n = 2 


-14 < logm^ < -5 


2 < log 77 < 10 


20 < Np^^ot, < 70 


n — 4: 


-14 < log A < -5 


2 < log 77 < 10 


20 < iVp.^ot, < 70 


Natural 


-7< logA< 
-4<log/<3 


2 < log 77 < 14 


20 < iVp„,ot, < 70 
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FIG. 1: Constraints on the quadratic potential {V{(f)) — m^rfy^ /2). Top Left : la and 2a contours in logm^ 
plane. Top- Right: la and 2a contours in log 77 — Npivot phase plane. Bottom left: la and 2a contours in log 77 - 
plane. Bottom right: la and 2a contours in tis — r- phase plane. 
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4. RESULTS 



The results for different potentials are shown in figures [1] [2l [3] and H] In Figure 1, we show the constraints on 
different parameters, m^, 77, Npivot as well as the allowed region in the r — Us phase plane for the quadratic potential. 
It is evident from these figures that Npivot is almost uncorrelated to the parameters rn? and 77 in our model, contrary 
to the canonical case where Npiyot is strongly correlated to the model parameters |2l| . Similar behaviour is found for 
the quartic as well as the natural potential (see figures [2] , |4]) . 

Another interesting result is the behaviour of the contours in the r-n^ plane. These contours for all the potentials 
are tilted in the opposite direction compared to that of a canonical case. It shows that as the models approach towards 
scale invariance, one has lesser gravity waves. This makes the models with non canonical kinetic term more probable 
to satisfy the observations as data always prefer more scale invariance and lesser production of gravity waves. 

The best fit values for the parameters are given in table HH As evident, the mean value of r is smaller than 0.1 in 
all models. The case of Xcj)'^ potential is particularly interesting. In this case r = 0.0871 which is substantially smaller 
than the value r = 0.27 obtained for the canonical case [21|. With such a small r, Xcj)^ potential with noncanonical 






o.i4r 




FIG. 2: Same as Figure 1, but for quartic potential, A0*/4. 
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FIG. 3: la and 2a contours in ris — r phase plane for natural inflation V((f>) = A* ( 1 + cos ( 7 ) ) ■ 
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FIG. 4: Same as Figure 1 but for natural inflation, V{(f>) = A* ( 1 + cos ( - 



TABLE 11: Maximum likelihood (ML) values for WMAP7 constraints. 



Model 


Model's parameter 


log r?ML 


Ws.ML 


r-ML 


Npivot,Ml^ 


-2In£ML 


n = 2 


logm^L = -9.57 


5.02 


0.9745 


0.0676 


58.92 


7475.3579 


n = 4 


logAML = -7.274 


5.99 


0.9727 


0.0871 


60.9338 


7475.6259 


Natural 


logAML = -2.19804 
log /ml = 0.02852 


5.405 


0.9733 


0.0507 


58.311 


7475.2481 



kinetic term is now allowed by the WMAP7 data. Even the Log-Likelihood (— 21n£ML) value for this model is now 
drastically reduced and is similar to the values for other potentials. 

Another important result is that the value of A for the quartic potential can now be as large as 10~^ (see table HI)) 
which is a much improved value compared to the canonical case. But it is still small to be consistent with particle 
physics. 



CONCLUSION 



In brief, we study the inflation driven by the scalar field models with non-canonical kinetic term, more specifically 
kinetic term of DBI form. To calculate the scalar and tensor power spectrum generated by the quantum fluctuations 
of these fields, we modify the publicly available MODECODE to incorporate the non-canonical kinetic term. We 
consider the power law as well as the natural inflation potentials for our study. There are number of interesting 
results that emerge from our study. Unlike the canonical case, parameter Npiyot, is almost uncorrelated with other 
model parameters. Moreover, the shape of the contours in the r — n^ plane for all the potentials show that as one 
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approaches towards scale invariance, lesser gravity waves are produced. This result is completely opposite to that for 
the canonical case. This helps the Xcj)'^ potential with a non canonical kinetic term to be allowed by the observational 
data. There is also a substantial improvement in the Maximum Likelihood value for the A(/)^ potential whereas for 
other potentials, we get similar number as obtained by Mortonson et al. [21] for the canonical case. 

In our study, we consider the action where the gravity sector is minimally coupled with the scalar field, having 
non-standard kinectic term. This can be easily extended to models where the scalar field is nonminimally coupled 
with the gravity sector. This will be our aim in future. 
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